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Abstract — A  correlation  anal>sis  of  kmospherk  signal  time  delays  per¬ 
formed  for  nearly  co-longHudinal  locations  is  extended  to  widely  separated 
locations.  Monthly  and  daily  maximum  correlation  coefficients  were  in 
general  ••  S. 


IMRODlfiriON 

Sign.il  time  delays,  or  eouiv  ilcntly.  range  errors  in  radar 
and  or  satellite  navigation  systen's,  are  always  encountered  in 
trarsionosphene  propagation  due  to  the  fact  thatjhc  electro- 
inagnetie  propagation  velocity  in  i he  .  ionosphere  is  slightly 
less  than  the  tree-space  velocity  !1|.  For  frequencies  above 
~50  Mil/,  this  excess  time  delay  is  inversely  proportional  to 
the  square  of  the  lrequenc\  and  is  directly  proportional  to  the 
integrated  electron  di-nsity.  i.e..  total  electron  content  (TEC), 
along  the  propagation  path.  The  TEC  may  be  determined  by 
forecasting  tecnnuiues. based  on  media  models  (2|,  [3|.  Due 
to  the  spatial  and  temporal  variability  ot  the  ionospheric  elec¬ 
tron  density,  forecasting  accuracy  crnild  be  improved  by  peri- 
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odic  updating  of  the  TEX’  (preferably  in  real  timel  at  specified 
locations.  The  question  arises  as  to  the  extent  of  the  geo¬ 
graphic  area  surrounding  a  station  having  real-time  TEC  deter¬ 
mining  capabilities,  within  which  TF.C  values  could  be  inter¬ 
polated  with  acceptable  accuracy. 

In  a  previous  paper  (4)  the  correlation  between  TF.C  values 
at  Fort  Monmouth.  NJ,  (40.18  N.  74.06°  W)  and  Richmond. 
FL.  (25.60°  N,  80.40°  W)  was  determined.  The  paper  con¬ 
cluded  that  the  specific  results  for  the  Fort  Monmouth- Rich¬ 
mond  locale  separation,  i.e,.  the  high  correlation  obtained  for 
the  TF-C,  should  allow  accurate  interpolation  of  the  TF.C  at 
one  of  the  stations  from  its  real-time  measurement  at  the 
other.  It  was  indicated  that  similar  analyses  would  be  per¬ 
formed  at  stations  with  wider  geographical  separations. 

To  this  end.  a  specific  investigation  designed  to  determine 
the  correlation  between  TF.C  values  at  Richmond.  FL.  and 
Anchorage.  AK,  (61.04°  N.  149.75°  W)  was  undertaken.  The 
TEC  was  determined  by  means  of  the  Faraday  rotation  tech¬ 
nique  using  beacon  transmissions  of  the  geostationary  SMS  2 
satellite  (located  at  136°  W). 

The  subionospheric  points  for  the  two  stations  (i.e..  the 
geographic  locations  where  the  ray  paths  to  the  satellite  inter¬ 
sect  a  “mean”  altitude  of  420  km)  were  23.3°  N.  88.1°  W 
for  Richmond  and  54.3°  N.  146.5°  W  for  Anchorage.  Thus, 
the  “representative”  TEC  for  the  two  stations  was  separated 
by  ~31°  in  latitude  and  by  ~58°  in  longitude  (corresponding 
to  a  3-h  53-min  difference  in  local  times).  The  analysis  was 
performed  for  the  last  three  months  of  1976. 

THE  DATA 

The  correlation  analysis  performed  was  computed  in  two 
ways:  in  monthly  intervals  and  in  daily  intervals  (41,  For  the 
former  way,  a  full  month's  TEC  values  for  Anchorage  were 
correlated  with  a  full  month’s  TEC  values  for  Richmond.  For 
the  latter  way,  data  sets  for  both  locations  were  correlated  on 
a  daily-interval  basis.  In  both  cases  the  Anchorage  data  were 
shifted  at  the  outset  so  that  both  data  sets  corresponded  in 
local  time. 

The  monthly  correlation  analysis  for  October.  November, 
and  December  1976  is  summarized  in  Fig.  1  Indicated  in  this 
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figure  are  the  positive  maxima  of  the  correlation,  the  negative 
maxima  oi  the  correlation  coefficient  (obtained  by  continu¬ 
ously  time-shifting  the  data  at  Anchorage  by  15-min  intervals 
in  the  torward  direction  with  respect  to  the  data  at  Richmond 
(see  [4|)),  and  the  corresponding  time  shifts  for  which  these 
maxima  were  obtained.  These  time  shifts  are  plotted  as  daily 
shifts,  since  the  correlation  coefficients  maximize  (positively 
or  negatively)  at  24-h  intervals.  Also  indicated  are  the  time 
shifts  that  correspond  with  minimum  correlation  (<  I  0.03  I). 

For  the  indicated  months,  the  positive  maximum  of  the 
correlation  coefficient  was  not  the  highest  for  corresponding 
data  sets  (i.e.,  data  shifted  only  to  correspond  in  local  time 
(first  point  on  graph  for  each  month)).  The  maxima  of  the 
correlation  coefficients  was  in  general  S0.8  for  up  to  10  day 
shifts.  Successive  maxima  obtained  by  shifting  the  two  data 
sets  by  approximately  24  h  remain  nearly  constant  in  absolute 
value.  All  this  is  in  contrast  to  the  reported  Richmond-Fort 
Monmouth  TFX'  correlation  [4],  where  the  no-shift  correla¬ 
tion  was  highest  (50.9)  and  succeeding  maxima  declined.  In 
general,  the  maximum  negative  correlation  was  lower  than  the 
maximum  positive  correlation  in  absolute  value  for  all  re¬ 
ported  months.  The  maximum  negative  coefficient  was  highest 
in  October  and  declined  monotonically  in  the  succeeding 
months. 

The  day-to-day  maximum  positive  correlation  coefficients 
for  October,  November,  and  December  1976  are  shown  in 
Fig.  2.  These  were  arrived  at  by  comparing  the  Richmond  and 
Anchorage  data  at  15-min  intervals  for  each  day  of  these 
months.  Starting  each  day  at  the  same  local  time  the  Anchor¬ 
age  data  were  then  shifted  with  respect  to  the  Richmond  data 
at  15-min  intervals  in  the  forward  (4-)  direction  and  in  the 
backward  (--)  direction.  The  number  of  shifts  for  which  the 
coefficients  are  maximized  is  also  shown  in  the  figure,  in  addi¬ 
tion  to  the  number  of  data  pairs  available  for  the  correlation 
lor  each  day  (maximum  of  96  data  pairs). 

In  general,  the  coefficients  ranged  from  ~0.8  and  ~I.O  with 
relatively  few  falling  below  0,8,  The  bulk  of  the  coefficients 


was  above  0.9,  which  was  the  range  of  the  Richmond-Fort 
Monmouth  data.  The  correlation  coefficient  was.  on  the  aver¬ 
age.  higher  in  October,  declined  in  November,  and  declined 
further  in  December.  This  was  undoubtedly  due  to  the  sunrise 
and  sunset  times  at  both  locales.  In  mid-October  the  sunrise 
and  sunset  times  (at  400  km)  at  the  subionospheric  points 
differed  by  about  15  min.  while  in  mid-December  they  dif¬ 
fered  by  about  45  min.  Thus  in  December  the  shape  of  the 
diurnal  variation  curve  was  considerably  different  for  the  two 
locales  than  that  in  October.  The  result  is  a  decrease  in  the 
magnitude  of  the  correlation  coefficients.  On  the  average  the 

coefficients  were  maxima  at - 5  shifts  in  October,  no  shifts 

for  November,  and  2  shi.'is  for  December. 

CONCLUSIONS 

The  data  reported  here  indicate  that  TFC.  or  equivalently, 
ionospheric  signal  time  delays,  are  highly  correlaiable  despite 
the  very  wide  separation  (31°  in  latitude,  and  58°  in  long! 
tude)  of  the  two  stations.  The  monthly  correlation  exhibits 
a  seasonal  effect,  but  within  any  one  month  the  correlation 
remains  nearly  constant  despite  shifts  of  one  data  set  with 
respect  to  the  other.  The  daily  correlations  also  exhioit  a  sea¬ 
sonal  effect,  mainly  due  to  changes  in  TI  C'  diurnal  shapes 
associated  with  changing  separation  in  sunrise  and  sunset  times 
at  the  two  locales. 

It  appears  that  continuous  TFX'  data  at  one  locale  may  be 
used  to  forecast  a  continuous  data  set  at  the  other  locale  (pro¬ 
vided  some  corresponding  data  are  available  at  the  other 
locale)  so  that  the  two  data  sets  will  be  correlated  with  a  coef¬ 
ficient  of  >  0.75.  Further,  daily  TFC  values  at  one  locale  may 
be  ascertained  at  any  time  from  a  short-term  (1  day)  known 
current  variation  of  TFC  at  the  other  locale.  The  specific- 
results  for  these  widely  separated  locales  give  credence  to  the 
possibility  of  TEC  forecasting,  the  alternative  mentioned  in 
the  Introduction,  whereby  a  satellite  navigation  system  using 
one  frequency  could  provide  accurate  ranging  information  by 
correcting  for  ionospheric  errors. 
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